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CHAPTER D1 - GENERAL REQUIREMENTS 

Dl-01 GENERAL 

D1-01.1  Purpose 

These Engineering Standards set forth the minimum standards for the planning, design, 

and construction of storm and surface water systems. 

The Storm and Surface Water Utility Code, Chapter 24.06 of the Bellevue City Code, 

adopted by Ordinance 5905 on October 5, 2009, is the basis for these engineering 

standards. 

Although these standards are intended to apply to physical development within the City, 

the standards will not apply for all situations.  Compliance with these standards does not 

relieve the Developer of the responsibility to apply conservative and sound professional 

judgment.  These are minimum standards and are intended to assist, but not substitute for 

competent work by design professionals.  The Utility may, at its sole discretion due to 

special conditions and/or environmental constraints, require more stringent requirements 

than would normally be required under these standards. 

Dl-02 DEFINITIONS 

The following terms as used in this document shall be defined and interpreted below.  

Other terms used in the Standards are defined and interpreted in the “Storm and Surface 

Water Utility Code” BCC 24.06.040 and the “Clearing and Grading Code” 

BCC 23.76.030. 

“BMP” 

Best Management Practice 

"Contractor" 

The person, partnership, firm or corporation contracting to do the work under these 

Documents. The term shall also include the Contractor's agents, employees and 

subcontractors. 

"Details or Additional Drawings" 

All details or drawings prepared to further explain or amplify the Plans, or for the 

revision of the same, all as herein provided. 

“Developer” 

Any individual, company, partnership, joint venture, corporation, association, society or 

group that has made, or intends to make, application to the City for permission to 

construct a surface water system connection, or extension, to the surface water system. 

“DOE Manual” 

“Stormwater Management Manual for Western Washington,” Washington State 

Department of Ecology, February 2005.  When referenced, drainage systems shall 
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conform to the criteria set forth in the DOE Manual.  Such criteria, unless modified 

herein, shall be the minimum standard which surface water systems must meet.  

“Engineer” 

The City of Bellevue Utilities Assistant Director for Engineering, or his or her duly 

authorized assistants, which includes, Engineering managers & staff, Consulting 

Engineers and/or Inspectors. 

“Equipment” 

The machinery, accessories, appurtenances and manufactured articles to be furnished 

and/or installed under the Project. 

“Flow Control Credit” 

Credit toward reducing the size of downstream flow control facility(ies) through the use 

of on-site stormwater management. 

“Infiltration BMP or NDP” 

A natural drainage practice that infiltrates stormwater without an underdrain, resulting in 

all runoff being infiltrated or lost to evapotranspiration.  These facilities are distinguished 

from „partial infiltration‟ facilities which do include an underdrain, and „storage BMPs‟ 

which do not infiltrate at all. 

“LID Manual” 

Low Impact Development Technical Guidance Manual for Puget Sound, published by 

Puget Sound Partnership and Washington State University Pierce County Extension, 

January, 2005 or current. 

“Material or Materials” 

These words shall be construed to embrace machinery, manufactured articles, materials 

of construction (fabricated or otherwise) and any other classes of material to be furnished 

in connection with the Project. 

“Minimum Requirements” (MRs) 

Minimum Requirements refer to the regulations contained in BCC 24.06.065 and 

applicable engineering standards, which describe requirements for storm water 

management for development and redevelopment as required by the NPDES Permit.  

Briefly: 

MR1 = Preparation of Storm Water Site Plans 

MR2 = Construction Storm Water Pollution Prevention Plan 

MR3 = Source Control of Pollution 

MR4 = Preservation of Natural Drainage Systems and Outfalls 

MR5 = On-site Storm Water Management 

MR6 = Runoff Treatment 

MR7 = Flow Control 
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MR8 = Wetlands Protection 

MR9 = Operations and Maintenance 

“MS4” 

Municipal Separate Storm Sewer System, as defined in the NPDES Permit. 

“Natural Drainage Practice (NDP)” 

Small-scale, distributed BMP that controls the volume, peak flow rate, and amount of 

pollutants in stormwater runoff from a developed project site.  NDPs include 

bioretention, pervious pavement, rain recycling, and vegetated roofs. 

“Or Equal” 

Any manufactured article, material, method, or work which, in the opinion of the City, is 

equally desirable or suitable for the purposes intended in these standards, as compared 

with similar articles specifically mentioned herein. 

“Plans” 

All approved drawings or reproductions of approved drawings made or to be made 

pertaining to the work provided for in the permit or Developer Extension Agreement. 

“Project” 

The structure, facility, system or improvement to be constructed in whole or in part. 

"Reference Specifications" 

Reference specifications shall mean the technical specifications of other agencies 

incorporated or referred to herein. 

“Sizing Factor” 

A number used to size an on-site stormwater management facility to meet a particular 

Minimum Requirement, expressed as a percentage of the contributing impervious area 

draining to the facility. 

“Standards” 

City of Bellevue Utilities Department Surface Water Engineering Standards. 

"Standard Details" 

City of Bellevue Utilities Department standard detail drawings. 

"Standard Plans" 

Latest edition of the "Standard Plans for Road and Bridge Construction," Washington 

State Department of Transportation and the American Public Works Association, 

including all amendments. 

"Standard Specifications" 

Latest edition of the “Standard Specifications for Road, Bridge and Municipal 

Construction”, English edition, Washington State Department of Transportation and the 

American Public Works Association including all amendments. 
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"Words and Phrases" 

Whenever the words, "as directed", "as required", "as permitted", or words of like effect 

are used, it shall be understood that the direction, requirement or permission of the City is 

intended.  The words, "sufficient", "necessary", "proper", and the like shall mean 

sufficient, necessary or proper in the judgment of the City.  The words, "approved", 

"acceptable", "satisfactory", or words of like import shall mean approved by or 

acceptable to the City. 

"Work" 

The work necessary to manufacture and deliver machinery, equipment and material 

and/or the furnishing of all labor, tools, material, equipment, construction equipment, 

working drawings, where required, and other, necessities for the construction or erection 

of the structures shown and called for in the plans, specifications and permit/Developer 

Extension Agreement, and the act of constructing or erecting said structures complete. 

Dl-03 REFERENCES 

ACI 522.1, Specifications for Pervious Concrete Pavement.  Published by the American 

Concrete Institute, Farmington Hills, Michigan. 

Dam Safety Guidelines, Dam Safety Division, Washington State Department of Ecology, 

current edition. 

Flood Insurance Study – King County, Washington and Incorporated Areas, National 

Flood Insurance Program, Federal Emergency Management Agency (FEMA), current 

edition. 

Guidelines and Resources for Implementing Soil Quality and Depth BMP T5.13 in 

WDOE Stormwater Management Manual for Western Washington.  Multiple authors, 

2009 or current.  http://soilsforsalmon.org 

Guidelines for Bank Stabilizations Projects, King County publication. 

Hydraulic Code Rules, Chapter 220 - 110, Washington Administrative Code. 

Integrated Streambank Protection Guidelines, Washington Department of Fish and 

Wildlife and Washington Department of Transportation, April 2003. 

Land Use Code (LUC), Bellevue City Codes, current edition. 

Low Impact Development – Technical Guidance Manual for Puget Sound, Puget Sound 

Action Team and Washington State University Peirce County Extension, January 2005 or 

current edition. 

Online Geodatabase, GeomapNW, The Pacific Northwest Center for Geologic Mapping 

Studies, http://geomapnw.ess.washington.edu. 

Rain Garden Handbook for Western Washington Homeowners, Washington State 

University, Pierce County Extension, June 2007.  

http://www.pierce.wsu.edu/Water_Quality/LID. 

Soil Survey - King County Area, Washington, Natural Resources Conservation Service 

(formerly Soil Conservation Service), U. S. Department of Agriculture. 
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Stormwater Management Manual for Western Washington, Washington State 

Department of Ecology.  February, 2005. 

http://www.ecy.wa.gov/programs/wq/stormwater/manual.html. 

Surface Water Design Manual, King County, Washington, January 9, 2009. 

WDWF Integrated Streambank Protection Guidelines, published by Washington 

Department of Fish and Wildlife. 

Wherever references are made to the standards, specifications, or other published data of 

the various national, regional, or local organizations, such organizations may be referred 

to by their acronym or abbreviation only.  As a guide to the user, the following acronyms 

or abbreviations which may appear shall have the meanings indicated herein: 

AASHTO American Association of the State Highway and Transportation 

Officials 

ACI  American Concrete Institute 

ANSI  American National Standards Institute, Inc. 

APWA  American Public Works Association 

ASTM  American Society for Testing and Materials 

AWWA American Water Works Association 

DNRP  King County Department of Natural Resources 

DOE  Washington State Department of Ecology 

DOH  Washington State Department of Health 

FHWA  Federal Highway Administration 

Health  Public Health -- Seattle and King County  

NRCS Natural Resource Conservation Service (formerly Soil 

Conservation Service) 

RCW  Revised Code of Washington 

USEPA United States Environmental Protection Agency 

WAC  Washington Administrative Code 

WDWF Washington Department of Fish & Wildlife 

WSDOT Washington State Department of Transportation 

Dl-04 GOVERNMENTAL AGENCY REQUIREMENTS 

All construction on City, County or State roads or right-of-way shall be done in 

accordance with that agency's standards and requirements and in accordance with all 

franchise and/or permit requirements.  The Contractor is responsible to determine these 

requirements prior to construction. 

Where conflict exists between these Standards and permit requirements, the most 

stringent permit requirements shall take precedence. 





SURFACE WATER ENGINEERING STANDARDS JANUARY 2010 

D2-2 

TABLES 

Table 2.1  Treatment Requirements by Threshold Discharge Area.......................................... D2-8 

Table 2.2  Flow Control & On-site Stormwater Management Requirements by Threshold 

Discharge Area.......................................................................................................................... D2-9 

 

FIGURES 

Figure 2.1  Threshold Discharge ............................................................................................... D2-5 

Figure 2.2  Flow Chart for Determining Requirements for New Development ....................... D2-6 

Figure 2.3  Flow Chart for Determining Requirements for Redevelopment ............................ D2-7 

Figure 2.4 - Sample Stormwater Facility Maintenance Activity Log ..................................... D2-25 

 



SURFACE WATER ENGINEERING STANDARDS JANUARY 2010 

D2-3 

CHAPTER D2 – THRESHOLDS AND PLAN SUBMITTAL 

D2-01 GENERAL 

Following these standards to design the stormwater system will help ensure a timely 

review of the proposed project and keep review costs to a minimum. 

A drainage system which includes unreasonable and intensive maintenance or operational 

requirements as determined by the City shall be rejected in favor of a drainage system 

which does not place undue burdens on the owner/operators of such system. 

D2-02 ADJUSTMENTS AND DEVIATIONS 

D2-02.1 General 

The applicant may propose an Adjustment to the Minimum Requirements described in 

BCC 24.06.065.D, or a Deviation from the Storm and Surface Water Engineering 

Standards. Proposed Adjustments or Deviations must be project specific.  An Adjustment 

or Deviation may take longer to review, resulting in increased processing costs.  The 

Applicant acknowledges these risks when submitting a request for an Adjustment or 

Deviation. 

D2-02.2 Adjustment and Deviation Criteria 

The City‟s decisions to grant, deny, or modify proposed Adjustments or Deviations shall 

be based on evidence that the request meets the following criteria:  

1) Adjustment Criteria 

A The Adjustment provides substantially equivalent environmental protection; 

and 

B The Adjustment is based on sound engineering practices; and  

C The Adjustment meets the objectives of safety, function, environmental 

protection and facility maintenance. 

2) Deviation Criteria 

A The Deviation will achieve the intended result through a comparable or 

superior design; and 

(a) The Deviation provides substantially equivalent environmental protection; 

and 

(b) The Deviation is based on sound engineering practices; and  
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(c) The Deviation meets the objectives of safety, function, environmental 

protection, and facility maintenance.  

D2-02.3 Adjustment and Deviation Process 

Requests for Adjustments or Deviations shall be: 

1) Provided to the Utilities Reviewer in writing prior to implementation; and 

2) Demonstrate how the proposed Adjustment or Deviation meets criteria listed or 

referenced above (e.g. written finding of fact); and 

3) May be reviewed by the Utilities Technical Team before a decision is made; and 

4) The decision by the City shall be final. 

Any approved Adjustments or Deviations shall be included with the final approved 

drainage plan. 

D2-03  EXCEPTIONS 

A request for an Exception to the Minimum Requirements may be submitted with a 

permit or approval listed in LUC 20.35.015 (C) or, if none of the listed permits or 

approvals apply to the project or if a decision is necessary to finalize the site layout, the 

applicant may submit a request for an Exception with submittal of a Predevelopment 

Services application.  The Director may approve a request for an exception provided the 

applicant can demonstrate compliance with the criteria contained in BCC 24.06.065(C).  

D2-04  ERRORS AND OMISSIONS 

Any errors or omissions in the approved plans or information used as a basis for such 

approvals may constitute grounds for withdrawal of any approvals and/or stoppage of any 

or all of the permitted work, as determined by the City. It shall be the responsibility of the 

Developer to show cause why such work should continue, and make such changes in 

plans that may be required by the City before the plans are approved. 

D2-05  THRESHOLDS 

D2-05.1 Threshold Discharge Area 

An onsite area draining to a single natural discharge location or multiple natural 

discharge locations that combine within one-quarter mile downstream (as determined by 

the shortest flowpath) is a “threshold discharge area”. The examples in Figure 2.1 below 

illustrate this definition. This definition is intended to clarify how the thresholds are 

applied to project sites with multiple discharge points.  
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The City‟s Land Use Code includes thresholds for pervious pavement for Land Use Code 

purposes.  Those thresholds may be different for Storm & Surface Water Utility Code 

purposes.  Use guidance herein for all Storm & Surface Water Utility Code purposes. 

 

Figure 2.1  Threshold Discharge 

D2-05.2 Applicability 

Thresholds help define the applicability of the Minimum Requirements to development 

and redevelopment projects based on project type and size.  A narrative description of the 

threshold applicability process is included in Section 24.06.065 of the Storm and Surface 

Water Utility Code. Figures 2.2 and 2.3 present the same applicability determination 

process in flow chart graphics. 

For redevelopment, if the runoff from the new impervious surfaces and converted 

pervious surfaces is not separated from runoff from other surfaces on the project site, the 

stormwater treatment facilities must be sized for the entire flow that is directed to them.  

D2-05.3 Projects subject to Regulation 

All project sites in Bellevue are subject to the Minimum Requirements per Chapter 

24.06.065, unless exempt per 24.06.065(B), and are subject to the Minimum 

Requirements for development and redevelopment as outlined in Figure 2.2 and 

Figure 2.3. 
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Does the site have 
35% or more of  

existing impervious 

coverage?

Does the project add 
5,000 square feet or 

more of  new 

impervious surfaces?

All Minimum 
Requirements apply to 

new impervious 

surfaces and 
converted pervious 

surfaces.

See Figure 2.3 - Flow 
Chart for Determining 

Minimum Requirements 

for Redevelopment 

Does the project convert 3/4 
acres or more of  native 
vegetation to lawn or 

landscaped areas,or convert 
2.5 acres or more of  native 

vegetation to pasture?

Does the project have 2,000 
square feet or more of  new, 

replaced, or new plus replaced 

impervious surfaces?

Minimum Requirements 
#1 through #5 apply to 
the new and replaced 

impervious surfaces and 
the land distrubed.

Does the project have land-
disturbing activities of  

7,000 square feet or more?

See the Minimum Requirement 
#2, Construction Stormwater 

Pollution Prevention 

(BCC 23.76 - Clearing and 
Grading Code) 

Start Here

Yes

No

No

No

No

No

Yes

Yes

Yes

Yes

 

Figure 2.2  Flow Chart for Determining Requirements for New Development 
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Do the new, replaced, or new plus replaced impervious surfaces total 2,000
square feet or more?

OR

Does the land disturbing activity total 7,000 square feet or more?

Minimum Requirements #1 through #5 apply 
to the new and replaced impervious surfaces 
and the land disturbed.

See the Minimum Requirement #2, 
Construction Stormwater Pollution Prevention 
(BCC 23.76 - Clearing and Grading Code) 

Does the project add 5,000 square feet or more of  new impervious surfaces?
OR

Convert 3/4 acres or more of  native vegetation to lawn or landscaped areas?

OR
Convert 2.5 acres or more of  vegetation to pasture?

Minimum Requirements #1 through #9 apply 
to the new impervious surfaces and the 
converted pervious surfaces.

Is this a road 
related project?

Does the project add 5,000 square feet or more of  new impervious 

Do new impervious surfaces add  50% or 
more to the existing impervious surfaces 
within the project limits?

Is the total of  the new plus replaced 
impervious surfaces 5,000 square feet or 
more, AND does the value of  the proposed 

improvements - including interior 
improvements - exceed 50% of  the assessed 
value (or replacement value) of  the existing 

No additional 
requirements.

No additional 
requirements.

Minimum Requirements #1 through #9 apply 
to the new and replaced impervious 

Yes No

Next Question

Yes No
Next 
Question

Yes

No

No

No

Yes

Yes

No

Yes

 

Figure 2.3  Flow Chart for Determining Requirements for Redevelopment 

The Developer may meet the Minimum Requirements for an equivalent (flow and 

pollution characteristics) area within the same site.  This method is known as „Area 

Substitution‟.  For public road projects, the water quality treatment for equivalent area 

does not have to be within the project limits, but must drain to the same receiving water. 

For flow control of public roads‟ projects, the equivalent area must be in same stream 

basin and capacity analysis must be done to demonstrate 100-year capacity is available.  
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If used for a project, the Developer must consult with the City to determine an 

appropriate equivalent area.  

Appendix C of Volume III of the DOE Manual directs users to model impervious area 

directed to various low impact development facilities as landscaped area, 50% landscaped 

area, or pasture. Those same modeling credits may be used when summing project areas 

to determine whether the thresholds are exceeded.  

Project Thresholds for the construction of stormwater treatment facilities (MR6 Runoff 

Treatment) are presented in Table 2.1 and  include: 

Projects in which the total of effective, pollution-generating impervious surface (PGIS) is 

5,000 square feet or more in a threshold discharge area of the project, or  

Projects in which the total of pollution-generating pervious surfaces (PGPS) is three-

quarters (3/4) of an acre or more in a threshold discharge area, and from which there is a 

surface discharge in a natural or man-made conveyance system from the site.  

Table 2.1  Treatment Requirements by Threshold Discharge Area 

 < ¾ acres of 

PGPS 

> ¾ acres 

PGPS 

< 5,000 sf 

PGIS 

> 5,000 sf 

PGIS 

Treatment Facility     

On-site Stormwater BMPs     

PGPS = pollution-generating pervious surfaces 

PGIS = pollution-generating impervious surfaces 

sf = square ft 

Project Thresholds for the construction of flow control facilities (MR7) and/or on-site 

stormwater management (MR5) BMPs to achieve the standard flow control requirement 

for western Washington are shown in Table 2.2.   
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Table 2.2  Flow Control & On-site Stormwater Management Requirements by 

Threshold Discharge Area 

 Flow Control 

Facilities 

On-site Stormwater 

Management BMPs 

< ¾ acres conversion to lawn/landscape, 

or < 2.5 acres to pasture 
  

> ¾ acres conversion to lawn/landscape, 

or > 2.5 acres to pasture   

< 10,000 square feet of effective 

impervious area 
  

> 10,000 square feet of effective 

impervious area   

> 0.1 cubic feet per second increase in 

the 100-year flood frequency 
(1)

   

Note: (1) Estimated using the Western Washington Hydrology Model or other 

approved model. See Chapter D3- Hydrology. 

For MR5, On-site Stormwater Management, see Chapter D6. 

For MR6, Runoff Treatement, see Chapter D5 

For MR7, Flow Control, see Chapter D4 

For Hydrologic Analysis information, see Chapter D3 

D2-06  STORMWATER SITE PLANNING AND SUBMITTALS  

Based upon the analysis of existing site conditions, locate the buildings, roads, parking 

lots, utilities, and landscaping features for the proposed development. Consider the 

following points when laying out the site: 

1) Fit development to the terrain to minimize land disturbance; Confine construction 

activities to the least area necessary, and away from critical areas; 

2) Preserve areas with natural vegetation (especially forested areas) as much as possible; 

3) On sites with a mix of soil types, locate impervious areas over less permeable soil 

(e.g., till), and try to restrict development over more porous soils (e.g., outwash); 

4) Cluster buildings together; 

5) Minimize impervious areas; and 

6) Maintain and utilize the natural drainage patterns. 
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The development layout designed here will be used for determining threshold discharge 

areas, for calculating whether thresholds for Minimum Requirements are exceeded, and 

for the drawings and maps required for the Drainage Report and Stormwater Site Plan. 

D2-06.1 Submittal Requirements when site is vested in 2009 Storm Drainage 

Code 

Projects are vested as sdescribed in the Clearing and Grading Code, BCC 23.76.045.  

Generally, a complete application for building permit or subdivision sets vesting.  Or, a 

Clearing and Grading permit sets vesting if neither building nor subdivision processes are 

applicable.  Permit expiration results in loss of vesting. 

Projects that are not required to submit a Utility Developer Extension Agreement: 

Show the storm drainage connection on the site plan required with the permit application.  

A Storm connection permit may also be required, as determined by the Utilities reviewer. 

If using On-site Stormwater Management techniques, rather than a conventional tightline 

connection, use D2-06.2 below. 

Projects that are required to submit a Utility Developer Extension Agreement: 

Show the storm drainage connection on the site plan required with the permit application.  

A Utility Developer Extension Agreement must be submitted with, or prior to, the 

Clearing and Grading and Building permits. 

On-site Stormwater Management techniques may be used to reduce the size of flow 

control and runoff treatment facilities.  Select and design on-site facilities in accordance 

with Chapter D6, and size facilities to satisfy the vested code requirements using an 

approved model per Section D3-02 or the applicable standard. 

D2-06.2 Submittal Requirements for Minimum Requirements 1 through 5 

only  

A Geotechnical Report as described in the Development Services plan description sheet 

“Geotechnical Report and Stability Analysis Requirements,” is required when infiltration 

facilities (including bioretention or pervious pavement) are proposed and there is a 

stream, wetland, steep slope or landslide hazard area on or within 100 feet of the site. 

Storm Drainage Report (no pages may be larger than 11” x 17”), including: 

1) Project Overview 

General description of project:  pre-developed and developed site conditions site area; 

square footage of each type of impervious surface, lawn and landscape areas, non-

disturbance areas: and existing stormwater runoff conditions, including runoff from off-

site, natural and manmade drainage systems. 
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Summary of proposed on-site stormwater management facilities.  Use Chapter D6 in 

these Standards to choose the facilities and explain why they were chosen.   

2) Site Maps 

A. Existing Conditions 

(a) Existing site and drainage conditions.  Identify areas of high seasonal 

groundwater per geotechnical report requirements. 

(b) Show infiltration test locations. Note test method used, calculated 

long-term infiltration rates, and correction factors.  Use the simplified 

infiltration test per Section D4-06.7, or a method from Volume III, 

3.3.6 of the DOE Manual.  

3) Proposed Development 

A Show each type of impervious surface, lawn and landscape areas, non-

disturbance areas. Note the square footage of each, within each threshold 

discharge area. 

B Show the proposed on-site stormwater management facilities.  Show setbacks, 

as required by Land Use Code and Chapter D4. 

GeoMapNW soils database, where available (primarily BelRed area).  If not available, 

Natural Resources Conservation Service (NRCS) Soil Survey Map for the location with 

the site boundaries marked. 

Drainage map, showing flow path from site to receiving water (up to ¼ mile), and 

threshold discharge areas.   Indicate the receiving water (lake or major stream).  Include 

upstream information for any areas draining onto the site.  Include pipe sizes and 

structures. 

Sizing calculations, or simple sizing tables from Chapter D6, with applicable values 

circled, for proposed on-site stormwater management facilities. 

Permanent Stormwater Control Plan, including: 

 Show on-site stormwater management facilities on site plan, as required on 

Development Services Submittal Requirements sheets for single family residential 

or commercial sites.   

 Include sufficient profiles and details needed for review, for the Contractor to 

construct the facilities, and for the constructed facilities to be verified by the City 

inspector.   
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 If a separate plan sheet is needed for clarity, use of the submittal standards in D2-

06.2 is recommended. 

 If a Utility Developer Extension Agreement is required for water, sewer or storm 

drainage facilities, Plans for the drainage facilities may be combined with water 

and sewer if they remain readable. 

As-Built drawings must be submitted following inspection, prior to occupancy, and 

approved by the City. 

Operation and Maintenance Manual (O & M Manual) for Stormwater Management 

Facilities per Section D2-09. 

D2-06.3 Submittal Requirements for Minimum Requirements 1 through 9 

(When MR6, MR7, MR8 and/or MR9 apply in addition to MR1 through MR5) 

Geotechnical Report and Stability Analysis Requirements, as described in Development 

Services plan description sheet. 

Storm Drainage Report (no pages may be larger than 11” x 17”), including: 

1) Project Overview 

General description of project:  pre-developed and developed site conditions, site area; 

square footage of each type of impervious surface, lawn and landscape areas, and non-

disturbance areas; existing stormwater runoff conditions, including runoff from off-site, 

natural and manmade drainage systems.   

Summary of proposed on-site stormwater management facilities.  Use Chapter D6 in 

these Standards to choose the facilities and explain why they were chosen.   

Vicinity map showing the property location, all roads bordering the site, significant 

geographic features, and critical areas and their buffers, and flow path(s) from site to 

receiving water (up to 1 mile).  Include upstream information for any areas draining onto 

the site.  Include pipe sizes and structures. 

2) Site Maps showing: 

A Existing Conditions 

(a) Existing site and drainage conditions.  Identify areas of high seasonal 

groundwater.  

(b) Infiltration test locations, test method used, calculated long-term 

infiltration rates, and correction factors. 

B Proposed Development 
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(a) Show each type of impervious surface, lawn and landscape areas, and 

non-disturbance areas.  Note the square footage of each. 

3) Show the proposed on-site stormwater management facilities.  Show setbacks, as 

required by Land Use Code and Chapter D4. 

4) GeoMapNW soil map, or if not available, NRCS Soil Survey Map for the location 

with the site boundaries marked. 

5) Drainage map, showing flow path from site to receiving water (up to ¼ mile), and 

threshold discharge areas.   Indicate the receiving water (lake or major stream).  

Include upstream information for any areas draining onto the site.  Include pipe sizes 

and structures. 

6) Sizing calculations, for proposed on-site stormwater management facilities.  These 

calculations shall bear the signature and stamp of the responsible Civil Engineer. 

Include: 

A Provide narrative, mathematical, and graphic presentations of model input 

parameters selected for the developed site condition, including acreage, soil 

types, and land covers, road layout, and all drainage facilities. 

B Developed basin areas, threshold discharge areas, and flows should be shown 

on a map and cross-referenced to computer printouts or calculation sheets. 

Developed basin flows should be listed and tabulated. 

C Any documents used to determine the developed site hydrology should be 

included. Whenever possible, maintain the same basin name as used for the 

pre-developed site hydrology. If the boundaries of a basin have been modified 

by the project, that should be clearly shown on a map and the name modified 

to indicate the change. 

D If treatment facilities are proposed, provide a listing of the water quality 

menus used per Section D5-03. If flow control facilities are proposed, provide 

a confirmation of the flow control standard being achieved (e.g., the DOE 

flow duration standard). 

E A drawing of the flow control and treatment facilities and appurtenances. 

Show basic measurements necessary to calculate the storage volumes 

available from zero to the maximum head, all orifice/restrictor sizes and head 

relationships, control structure/restrictor placement, and placement on the site.   

F Include computer printouts, calculations, equations, references, 

storage/volume tables, graphs as necessary to show results and methodology 
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used to determine the storage facility volumes.  Runoff model documentation 

files should be included.  See D3-02 for a list of approved models. 

G Present an analysis of existing downstream conveyance system capacity if 

additional flow is being routed to that system.   

H Present an analysis and design of the proposed stormwater conveyance system 

for the project, using an approved model.  All pipes, culverts, catch basins, 

channels, swales, and other stormwater conveyance appurtenances must be 

clearly labeled and correspond directly to the engineering plans. 

7) Permanent Stormwater Control Plan 

A Show on-site stormwater management facilities on the site plan, as required 

on Development Services Submittal Requirements sheets for single family 

residential or commercial sites.   

B Include sufficient profiles and details needed for review, for the Contractor to 

construct the facilities, and for the City inspector to verify them.   

C If a Utility Developer Extension Agreement is required for water or sewer as 

well as storm drainage facilities, plans for the drainage facilities may be 

combined with water and sewer if they remain readable. 

As-Built drawings must be submitted following inspection, prior to occupancy, and 

approved by the City. 

Operation and Maintenance Manual (O & M Manual) for Stormwater Management 

Facilities per Section D2-09. 

D2-07 PLAN FORMAT AND NOTES  

D2-07.1 Submittal Standards 

1) Submittal Standards vary by size and type of project.  Refer to handouts provided 

by City of Bellevue Development Services for Submittal Requirements.  Utility 

plans submitted for review shall meet the City's "Boundary & Topographic Survey" 

and "Site Plan B" requirements. Current copies of these requirements are available 

at the Bellevue Development Services Center and the City‟s website.   

2) Combining Plans - Water, sanitary sewer and storm drainage designs (complete 

plan and profile) shall be on separate plan sheets, although alignments of all 

Utilities shall be shown on each utility plan. Plan sets for all 3 Utilities can be 

combined for small projects if information is readable. Designs for water and sewer 

can be combined on the same plan sheets if plan scale is 1”=10‟, V=20‟, or 1‟"=30‟. 



SURFACE WATER ENGINEERING STANDARDS JANUARY 2010 

D2-15 

Contact the Utility representative in the Permit Center for approval to combine 

plans. 

3) Plan submittals shall conform to Development Services “Standards for Plans and 

Drawings”, and also include: 

4) Title Block - Border and title block shall conform to standard City of Bellevue 

format. See Appendix D-2. 

5) Project Name Utility Extension (UE) permit number if applicable, Section - 

Township - Range, and Site Address shall be included in title block (lower right 

hand corner). 

6) Engineering Plans - Plan, profile and detail sheet(s) for the proposed drainage 

system. 

a) Plan View 

i) List pipe length, size and material along side of pipe, e.g. 150 L.F. - 8" PVC. 

Pipe material can be listed in a general note in lieu of listing along pipe. 

ii) Pipe length is to be based on horizontal distance between center of manholes. 

iii) Indicate direction of flow with arrows on end of pipe entering manhole. 

b) Profile View 

i) List pipe length, size, material and slope to 4 decimal places (ft per ft), e.g. 

150 L.F. - 8" PVC S=0.0125. Pipe material can be listed in a plan note in lieu 

of listing on profile. 

ii) Slope is based on invert elevation OUT of upstream manhole, invert elevation 

INTO downstream manhole and horizontal distance between center of 

manholes. 

7) Site Areas - Total area, Existing and Proposed Pervious and Impervious areas, areas 

within Native Growth Protection Easements (NGPE), etc. on the drainage plan 

sheet(s). 

8) Hydrologic and Hydraulic Data - Design volumes and allowable release/ discharge 

rates for flow control and runoff treatment facilities shall be tabulated on the plans. 

Provide space for as-built volume and release rates.  

9) Scale - Be consistent. and indicate your scale on each sheet using a bar symbol (for 

Plan reproduction integrity).  Drawings are to be in a scale of 1” = 10', 1” = 20‟ or 

1” = 30‟ for combined utility plans. Drawings at 1” = 40‟ or 1” = 50‟ scale shall 
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show utility plans on separate sheets. Architectural scales for utility drawings will 

not be accepted. If the scale results in more than three pages of plan sheets, a cover 

sheet showing the entire project site (at a smaller scale) shall be provided. 

10) North Arrow - Include on all plan view drawings. North arrow shall face up and/or 

to the right hand side of plan sheet. 

11) Datum - Show both horizontal (NAD-83) (NSRS 2007) and vertical (NAVD 88) 

control points. Specify the benchmark to be used for vertical control during 

construction. For sites with FEMA-mapped floodplains, label the 100-year 

floodplain elevation with the NGVD29 and NAVD88 values. 

12) The survey of the site, for both design and as-builting, shall be accurately 

referenced to the Washington State Plane Coordinate System (NAD-83) (NSRS 

2007) by field ties to at least two City of Bellevue survey control network 

monuments. All elevations shall be referenced to the North American Vertical 

Datum of 1988 (NAVD 88). Information on the City of Bellevue survey control 

network is available by contacting the Transportation Department, Property 

Services Division, at (425) 452-6019. 

13) Vicinity Map - Include on the plan for each utility. The vicinity map covers the 

project site and surrounding streets and property within a minimum of 600' of the 

site. Copies of a city map can be made from the Street Atlas in the Self Help area of 

the Permit Center. 

14) Line types shall clearly distinguish existing utilities from new; new facilities should 

be a heavier line type. 

15) Drafting Media - Plans sheets shall be on 24" x 36" or 22" x 34" mylar, matte on 

both sides. 

16) Drafting Standards - Plotting shall be on mylar with a non-smudging, ink or ink-like 

media. Pencil drawings (including corrections or alterations) shall not be accepted. 

17) Drafting standards/symbols shall conform to Washington State APWA Chapter 

CAD Standards. See Appendix D-3. Lettering shall be done with "Leroy-style" font 

(SIMPLEX font if using AutoCAD). 

18) Text identifying existing features shall be 0.08" in height (Leroy 80 template). 

19) Text identifying street names shall be 0.24" in height (Leroy 240 template). 

20) Text for instructions and call outs for proposed facilities shall be 0. 12" in height 

(Leroy 120 template). 
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21) On plans with more than one sheet, stationing shall proceed from left to right or 

from bottom to top. 

22) Upon completion of  construction, as-builts shall be provided in digital format for 

as-builting and permanent record. The digital format shall be in  AutoCAD Version 

2004 through 2008 (no older or newer).  ".DWG" file on a CD. The AutoCAD' files 

shall include all plans, profiles, notes, and details of the surface water 

improvements. 

23) Making Copies of Plans - Blueline or blackline prints and photocopies are 

acceptable. Brownline prints and microfilm copies of plans will not be accepted. 

24) Type of Paper for Plan Copies - Blueprint quality or standard drafting paper. Tissue 

paper, graph paper, poster board, cardboard, and similar materials will not be 

accepted. 

D2-07.2  Storm Drainage General Plan Notes  

The following is a listing of General Notes that should be incorporated in the drainage 

plan set. All the notes on the list may not pertain to every project. The Developer may 

omit non-relevant notes as determined by the Utility. However, do not renumber the 

remaining General Notes. If additional notes are needed for specific aspects, they should 

be added after the General Notes. 

Storm Drainage General Notes: 

(1) All work shall conform to the 2010 edition of the City of Bellevue Utilities 

Department Engineering Standards and the Developer Extension Agreement. 

(2) Storm pipe shall be PVC conforming to ASTM D-3034 SDR 35 (4” – 15”) or 

ASTM F-679 (18”-27”.   Bedding and backfill shall be as shown in the Standard 

Details. 

(3) The locations of all existing utilities shown hereon have been established by field 

survey or obtained from available records and should therefore be considered 

approximate only and not necessarily complete.  It is the sole responsibility of the 

excavator to independently verify the accuracy of all utility locations shown, and to 

further discover and avoid any other utilities not shown hereon which may be 

affected by the implementation of this plan.  Immediately notify the Engineer if a 

conflict exists. 

(4) The footing drainage system and the roof downspout system shall not be 

interconnected and shall separately convey collected flows to the conveyance 

system or to on-site stormwater facilities. 



SURFACE WATER ENGINEERING STANDARDS JANUARY 2010 

D2-18 

(5) Provide and maintain temporary sedimentation collection facilities to ensure that 

sediment or other hazardous materials do not enter the storm drainage system in 

accordance with the site‟s approved SWPPP.  For all construction during the rainy 

season, downhill basins and inlets must be protected with catch basin inserts. 

Simply placing filter fabric under the grate is not acceptable. 

(6) Prior to final inspection and acceptance of storm drainage work, pipes and storm 

drain structures shall be cleaned and flushed.  Any obstructions to flow within the 

storm drain system, (such as rubble, mortar and wedged debris), shall be removed at 

the nearest structure.  Wash water of any sort shall not be discharged to the storm 

drain system or surface waters. 

(7) Ends of each storm drain stub at the property line shall be capped and located with 

an 8' long 2" x 4" board, embedded to the stub cap and extending at least 3 feet 

above grade, and marked permanently "STORM".  A copper 12 ga. locate wire 

firmly attached.  The stub depth shall be indicated on the marker. 

(8) All grates in roadways shall be ductile iron, bolt-locking, vaned grates per the 

Standard Details.  Structures in traffic lanes outside of the curbline which do not 

collect runoff shall be fitted with round, bolt-locking solid covers.  Off-street 

structures which do not collect runoff shall be fitted with bolt-locking solid covers. 

(9) Vegetation/landscaping in the detention pond, bioretention facility, vegetated roof 

and/or drainage swale(s) are an integral part of the runoff treatment system for the 

project.  Such drainage facilities will not be accepted until plantings are established. 

(10) All new manholes shall have a minimum inside diameter of 48” and shall conform 

to the Standard Details.  All new catch basins shall conform to the Standard Details. 

(11) Side storm stations are referenced from nearest downstream manhole/ catch basin. 

(12) All testing and connections to existing mains shall be done in the presence of a 

representative of the City of Bellevue Utilities Department. 

(13) All trenches shall be compacted, and Hot Mix Asphalt in place in paved areas, prior 

to testing storm lines for acceptance. 

(14) All public storm drains shall be air tested and have a video inspection performed 

prior to acceptance (see #23 below).  Storm main constructed with flexible pipe 

shall be deflection tested with a mandrel prior to acceptance. 

(15) Storm stubs shall be tested for acceptance at the same time the main storm is tested. 

(16) All manholes/ catch basins in unpaved areas shall include a concrete seal around 

adjustment rings per Standard Details.  
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(17) All storm main extensions within the public right-of-way or in easements must be 

“staked” by a surveyor licensed in Washington State for “line and grade” and cut 

sheets provided to the Engineer, prior to starting construction. 

(18) The Contractor shall use a vacuum street sweeper to remove dust and debris from 

pavement areas as directed by the Engineer.  Flushing of streets shall not be 

permitted without prior City approval.  

(19) Storm drainage mainlines, stubs and fittings shall be constructed using the same 

pipe material and manufacturer.  Connections between stubs and the mainline will 

be made with a tee fitting.  Tee fitting shall be from same manufacturer as pipe.  

Cut-in connections are only allowed when connecting a new stub to an existing 

mainline. 

(20) Manholes, catch basins and vaults are considered to be permit-required confined 

spaces.  Entry into these spaces shall be in accordance with Chapter 296-809 WAC. 

(21) Placement of surface appurtenances (MH lids, valve lids, etc) in tire tracks of traffic 

lanes shall be avoided whenever possible. 

(22) Call 1-800-424-5555, or 8-1-1, 72 hours before construction for utility locates. 

(23) The Contractor shall perform a video inspection and provide a DVD of the storm 

pipe interior for the City‟s review.  The video shall provide a minimum of 14 lines 

per millimeter resolution and cover the entire length of the applicable pipe.  The 

camera shall be moved through the pipe at a uniform rate (≤ 30 ft/min), stopping 

when necessary to ensure proper documentation of the pipe condition.  The video 

shall be taken after installation and cleaning to insure that no defects exist.  The 

project will not be accepted until all defects have been repaired. 

(24) Clearly label public and private systems on the plans.  Private systems shall be 

marked “private” and shall be maintained by the property owner(s). 

(25) All concrete structures (vaults, catch basins, manholes, oil/water separators, etc.) 

shall be vacuum tested. 

(26) Manholes, catch basins and inlets in easements shall be constructed to provide a 

stable, level grade for a minimum radius of 2.5 feet around the center of the access 

opening to accommodate confined space entry equipment. 

(27) Tops of manholes/ catch basins within public right-of-way shall not be adjusted to 

final grade until after paving. 

(28) Contractor shall adjust all manhole/ catch basin rims to flush with final finished 

grades, unless otherwise shown. 
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(29) Contractor shall install, at all connections to existing down stream manholes/ catch 

basins, screens or plugs to prevent foreign materials from entering existing storm 

drainage system.  Screens or plugs shall remain in place throughout the duration of 

the construction and shall be removed along with collected debris at the time of 

final inspection and in the presence of a representative of the City of Bellevue 

Utilities Department. 

(30) Surface restoration of existing asphalt pavement shall be as required by the right-of-

way use permit. 

(31) The Contractor shall maintain a minimum of five feet (5‟) horizontal separation 

between all water and storm drainage lines.  Any conflict shall be reported to the 

Utility and the Developer‟s Engineer prior to construction. 

(32) It shall be the Contractor‟s responsibility to ensure that no conflicts exist between 

storm drainage lines and proposed or existing utilities prior to construction. 

(33) Before commencement of trenching, the Contractor shall provide filter fabric for all 

downhill storm drain inlets and catch basins, which will receive runoff from the 

project site.  The contractor shall periodically inspect the condition of all filter 

fabric and replace as necessary. 

(34) Minimum cover over storm drainage pipe shall be 2 feet, unless otherwise shown. 

(35) Avoid crossing water or sewer mains at highly acute angles.  The smallest angle 

measure between utilities should be 45 degrees.  

(36) At points where existing thrust blocking is found, minimum clearance between 

concrete blocking and other buried utilities or structures shall be 5 feet. 

(37) When work is to occur in easements, the Contractor shall notify the easement 

grantor and Bellevue Utilities in writing a minimum of 48 hours in advance of 

beginning work (not including weekends or holidays).  Failure to notify grantor and 

Bellevue Utilities will result in a Stop Work Order being posted until the matter is 

resolved to the satisfaction of Bellevue Utilities.  A written release from the 

easement grantor shall be furnished to the Utilities Inspector prior to permit sign-

off. 

(38) The Contractor shall restore the Right-of-Way and existing public storm drainage 

easement(s) after construction to a condition equal or better than condition prior to 

entry.  The Contractor shall furnish a signed release from all affected property 

owners after restoration has been completed. 
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(39) Where new utility line crosses below an existing AC main, the AC pipe shall be 

replaced with DI pipe to 3 feet past each side of the trench as shown on Standard 

Detail W-7.  Alternatively, where directed by the Utility, the trench shall be 

backfilled with controlled density fill (CDF, aka flowable fill) from bottom of 

trench to bottom of AC main. 

D2-08  AS-BUILT DOCUMENTATION 

D2-08.1 General Standards 

For all storm drainage projects, the Developer or City Department responsible for the 

project shall provide surveyed as-built plans at completion of the project. This includes 

private commercial or multi-family systems that the Developer‟s Engineer provides a 

written compliance letter for. 

As-built plans shall be based on field survey information.  All survey work shall be 

performed under the supervision of a Professional Land Surveyor registered in the State 

of Washington.  The surveyed as-built shall contain the following information submitted 

in both electronic (AutoCAD) format and on a mylar plan stamped and signed by the 

surveyor.  Horizontal locations shall be recorded to within one tenth (0.1‟) of a foot.  Rim 

and invert elevations at drainage structures shall be recorded to within one one-hundredth 

(0.01‟) of a foot.  Use Washington Coordinate System NAD 83 (NSRS 2007) – North 

Zone as the basis of bearings for all surveys. Prepare survey according to City of 

Bellevue NAVD 1988 vertical datum and state that it was the datum used. 

All pipe lengths and dimensions are based on horizontal distances, unless slope is greater 

than 10%, to measure horizontal distance, inspector should note that length is “slope 

distance”. 

References/dimensions from right-of-way centerline for utility features in the public 

right-of-way, or from property line for utility features located within easements. 

As-built information shall be recorded on plan and profile views of the contract drawings.  

The profile view shall note any changes from the design finished grade over each pipe 

line. 

As-built plans shall be submitted to Bellevue Utilities using the approved mylar plan set 

as the basis for the redlined as-built plans.  An as-built plan set in digital format shall also 

be submitted.  The digital format shall be in  AutoCAD Version 2004 through 2008 (no 

older or newer).  The “DWG” file(s) shall be submitted on CD ROM. 

The Developer will perform as-built documentation for Storm Drainage projects. 
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D2-08.2 Required Information 

Mains: 

Length (center of manhole/catch basin to center of manhole/catch basin), diameter, 

material, slope, direction of flow, note “private” if applicable, for privately maintained 

facilities.  Show private systems going to apartments, condominiums, commercial sites, 

and joint-use side storm drains.  Label private system components as “PRIVATE 

SYSTEM”.  Other than joint-use systems, do not show single family private systems, 

other than stub from public main. 

Ditches: 

Length, direction of flow, material and slope of all constructed open channels, note 

“private” if applicable. 

Stubs: 

Lengths, depth, station (stationing of stubs referenced from downstream structure), 

distance from property line.  List slope if different than standard 2% and size if different 

than standard 6”. 

Existing Structures:  

Where new pipes connect to existing structures, the Utilities ID number of the existing 

structure shall be noted on the drawing.  ID numbers can be obtained from the Storm 

Drainage Maps. 

Ponds, Bioswales, and Bioretention Facilities: 

 Locations, topographic features and dimensions of all flow control and runoff 

treatment ponds, bioswales and bioretention facilities.  Include bottom and top 

elevations, and in plan view included labeled contour lines at one-foot 1intervals.  

 As-built revisions to any detail drawings that provide information associated with 

ponds and bioswales, such as cross-sections, pond or bioswale lining material 

specifications (e.g. grass, plantings, etc), plan or profile views, spillway elevation, 

etc.  

 Location, type, size and elevation at tops, inverts and bottoms of any drainage 

system facilities adjacent to each pond, such as control structures, catch basins, 

etc.  

 Dimensions from Right-of-Way centerline or property line.  

 Notes and details about unusual situations and features.  
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 For private storm drain detention vaults , the Developer‟s Engineer shall mesure 

the storm drain vault and certify that the constructed vault meets requirements. 

 Single Family Private Systems, including MR5 facilities (on-site stormwater 

management) on individual lots: 

 Use the approved storm design as shown on the building permit site plan as the 

basis for the as-built.  Make revisions as necessary to reflect field changes.  The 

changes need not be drafted (e.g. they can be edits marked on the site plan), but 

they must be readable. 

D2 - 09 OPERATION AND MAINTENANCE MANUAL 

An operation and maintenance manual (O & M Manual),  shall be provided for all flow 

control and treatment facilities that will not be City owned and operated , including on-

site stormwater management facilities, and constructed source controls.  As a minimum, 

the manual will include: 

 The name of the party (or parties) responsible for maintenance and operation of 

the system, such as a Home Owners association, management company or the 

legal property owner. 

 Property legal description, address and project name, if applicable. 

 Agreement to maintain facilities in accordance with City of Bellevue and the 

Washington State Department of Ecology‟s maintenance standards. 

 A log of maintenance activities that indicates what actions have been taken, when 

and by whom.  Log shall be kept available for inspection by City of Bellevue at 

any time. See Figure 2.4 below for recommended activity log format. 

 Prominently note the manual and log sheets location on site.   

 Maintenance instructions for any components not covered by the maintenance 

standards referenced above. 

 The engineer‟s narrative description of the storm drainage system and how it is 

intended to function. 

 Site diagram of the constructed (As-Built) storm drainage system, identifying it‟s 

components, with profiles as needed. 

 As-Built details of components, particularly flow control and treatment facilities, 

as needed for maintenance.  
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A draft must be submitted to the Utilities Department during the plan review process.  

The final Operation and Maintenance Manual must be approved by the Utilities prior to 

Utility Extension acceptance, where applicable, or prior to occupancy.  The O & M 

Manual must conform to King County‟s recording format requirements and be recorded 

against the property, as a covenant running with the land.  

A copy of the manual shall be retained onsite or within reasonable access to the site, and 

shall be transferred with the property to the new owner. The manual and log sheets must 

be available for inspection by the City of Bellevue upon request. 

The O&M Manual shall be adjusted or revised at the end of the one (1) year warranty 

period, if needed, as a result of inspection findings and recommendations by the City. 

The revised O & M Manual shall be recorded against the property. 

List regularly scheduled maintenance on a separate checklist based on the facility‟s 

Operations & Maintenance Manual, and keep the checklist with this maintenance activity 

log. 

 

A sample “Maintenance Activity Log” is shown in Figure 2.4. 
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Figure 2.4 - Sample Stormwater Facility Maintenance Activity Log 

To be completed by maintenance staff and provided to the City of Bellevue upon request. 

Property Name/Owner: Site Address: 

Property Manager/Contact: Phone: 

Facility Type: Location on Property: 

  

Requirement met by Facility (circle all that apply):   

On-site Stormwater Management Treatment/Water Quality  Flow Control 

 

Date 

Reason for 

Inspection/Action (circle 

one) 

Condition Observed Action Taken Initials 

 Complaint or Problem 

Regular Maintenance 

   

 Complaint or Problem 

Regular Maintenance 

   

 Complaint or Problem 

Regular Maintenance 

   

 Complaint or Problem 

Regular Maintenance 

   

 Complaint or Problem 

Regular Maintenance 

   

 Complaint or Problem 

Regular Maintenance 

   

 Complaint or Problem 

Regular Maintenance 
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CHAPTER D4 - HYDRAULIC ANALYSIS & DESIGN 

D4-01  GENERAL 

A. Use the criteria set forth in Section 24.06.065 of the Storm and Surface Water Utility 

Code and the information provided herein to plan, design, and construct stormwater 

systems and facilities. 

B. Design the on-site stormwater system (conveyance, flow control, runoff treatment, and 

emergency overflow elements) to accommodate runoff from the site and areas tributary to 

the site to prevent damage and injury. Conveyance systems shall be sized to safely 

convey the 100-year peak runoff  from areas tributary to the site to the discharge location. 

An emergency overflow for flow control facilities shall be provided which prevents 

property damage or erosion caused by system failure. 

C. Roof and footing drains, yard drains, underdrains, ditches, swales, stormwater 

conveyance systems, etc. shall be installed to prevent damage or nuisance to adjacent 

properties and the public right-of-way due to the proposed development. 

D. Consider drainage system reliability in terms of layout, specification of materials and 

methods of installation, and the influence of other activities in the area both during and 

after construction. 

E. Minimize the frequency and difficulty of future maintenance by analyzing potential 

system failures and failure remedies. Access structures shall be accessible by City-owned 

maintenance equipment such as 5 CY dump trucks and vactor-type trucks. 

F. Visual impact and potential problems such as mosquito breeding, landscaping, odors, etc. 

shall be addressed. 

G. All lengths and dimensions shall be horizontal distances, no slope distances on plans. 

H. If working in existing streets, indicate type of pavement restoration required by authority 

having jurisdiction, or refer to Right-of-way use permit. 

I. Dimension existing and new storm drain locations from right-of-way line and/or property 

line, or label stations and offsets. 

J. Check with Utility Reviewer to determine how surrounding development will affect 

design (e.g. serve to extreme of property if adjacent property has potential for future 

development). 

K. On plans, show existing manholes/ catch basins or give reference distances to existing 

manholes/ catch basins near project, including manhole/ catch basin number and 

invert/rim elevations. 

L. Check with local jurisdiction for necessary permitting requirements. 

M. Existing storm drain lines to be abandoned shall be filled completely with sand, concrete, 

or controlled density fill; or removed.  

N. Manholes connected to lines being abandoned shall be re-channeled with 3,000 psi 

cement concrete. 
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O. Storm pipes (side and main lines) shall not be used for the grounding of electrical 

systems or for the maintenance, integrity or continuity of any grounding attachment or 

connection. 

P. Placement of surface appurtenances (manhole lids, catch basin lids, etc.) in tire track of 

traffic lanes shall be avoided whenever possible. 

Q. Soil nails shall not be installed at or above pipes and shall include a minimum 5 foot 

clearance if installed below pipes. 

R. Clearly label public and private system on plans. Private systems shall be marked 

―Private‖ and shall be privately owned and maintained. 

D4-02  OUTFALLS AND DISCHARGE LOCATIONS 

A. General 

Properly designed outfalls are critical to ensuring no adverse impacts occur as the result of 

concentrated discharges from pipe systems and culverts, both on-site and downstream.  Outfall 

systems include rock splash pads, flow dispersal trenches or other energy dissipaters, and 

tightline systems.  A tightline system is typically a continuous length of pipe used to convey 

flows down a steep or sensitive slope with appropriate energy dissipation at the discharge end.  

In general, it is recommended that conveyance systems be designed to reduce velocity above 

outfalls to the extent feasible. 

Design Criteria 

At a minimum, all outfalls shall be provided with a rock splash pad appropriately sized for the 

discharge (see Bellevue Standard Detail NDP-4 and NDP-10 in Chapter D6-05, except as 

specified below and in Table 4.1: 

1. When discharging to an existing ditch, swale, or stream, energy dissipation is required to 

minimize erosion. 

2. The flow dispersal trench shown in Bellevue Standard Detail D-40 shall be used as an 

outfall only after other on-site BMPs have been determined infeasible due to site 

conditions per D6.  See D6-03.1 for Roof Downspout Dispersion. For outfalls with a 

velocity at a design flow greater than 10 fps, an engineered energy dissipater shall be 

required, per Standard detail D-38 or D-60.   

3. Tightline systems shall be used when on-site storm water management is not required, or 

where it is required does not fully mitigate stormwater flows per Chapter D6.  

4. Storm drain pipelines shall not be installed above ground.  

5. Outfalls shall discharge at the bank-full water surface elevation (2-yr storm) in open 

channels or streams. 

6. Conveyance systems downstream of flow control facilities or  treatment facilities shall be 

designed to prevent backwater conditions in those facilities.  

7. The use of pumped systems or backflow preventers shall not be used to prevent flooding 

due to backwater conditions. 
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Table 4.1  Rock Protection At Outfalls 

Discharge Velocity 
at Design Flow (fps) 

REQUIRED PROTECTION 

Greater 
than 

Less than 
or equal to 

Minimum Dimensions(1) 

  Type Thickness Width Length Height 

0 5 Rock lining(2) 1 foot Diameter 
+ 6 feet 

8 feet 
or 

4 x diameter, 
whichever is 

greater 

Crown 
+ 1 foot 

5 10 Riprap(3) 2 feet Diameter 
+ 6 feet 

or 
3 x diameter, 
whichever is 

greater 

12 feet 
or 

4 x diameter, 
whichever is 

greater 

Crown 
+ 1 foot 

10 20 Energy 
Dissipater 
Standard 

Detail D-38 
or D-60  

As required As required As required Crown 
+ 1 foot 

20 N/A Engineered 
energy 

dissipater 
required 

    

 

(1)   These sizes assume that erosion is dominated by outfall energy.  In many cases sizing will be 
governed by conditions in the receiving waters. 

(2) Rock lining shall be quarry spalls with gradation as follows: 

 
Passing 8-inch square sieve: 100% 

Passing 3-inch square sieve: 40 to 60% maximum 

Passing 
3
/4-inch square sieve:  0 to 10% maximum 

(3) Riprap shall be reasonably well graded with gradation as follows: 

 
Maximum stone size:   24 inches (nominal diameter) 

Median stone size:   16 inches 

Minimum stone size:   4 inches 

Note: Riprap sizing governed by side slopes on outlet channel is assumed to be approximately 3:1. 
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D4-02.1 Discharge Location Impacts 

Stormwater runoff from the project shall produce no significant adverse impact to downslope 

properties and shall discharge to the existing downstream drainage system if on-site stormwater 

management does not fully mitigate flow.  

D4-02.2 Unconcentrated Flow 

Where no downstream drainage system exists adjacent to the property and the runoff from the 

project site was previously unconcentrated flow, on-site stormwater management shall be 

implemented to the extent feasible.  Any remaining runoff shall be connected to the downstream 

drainage system, which shall be extended to the property line and conveyed across the 

downstream properties to an approved discharge location. The Developer shall secure drainage 

easements from the downstream owners and record such easements at the King County Office of 

Records and Elections prior to drainage plan approval, if necessary. 

Where no conveyance system exists at the abutting downstream property line and the natural 

(existing) discharge is unconcentrated, any runoff concentrated by the proposed project must be 

discharged as follows: 

 If the 100-year peak discharge is less than or equal to 0.2 cfs under existing conditions 

and will remain less than or equal to 0.2 cfs under developed conditions, then the 

concentrated runoff may be discharged onto a rock pad or to any other system that serves 

to disperse flows. 

 If the 100-year peak discharge is less than or equal to 0.5 cfs under existing conditions 

and will remain less than or equal to 0.5cfs under developed conditions, then the 

concentrated runoff may be discharged through a dispersal trench or other dispersal 

system provided the applicant can demonstrate that there wil be no significant adverse 

impact to downhill properties or drainage system. 

 If the 100-year peak discharge is greater than 0.5cfs for either existing or developed 

conditions, or if a significant adverse impact to downhill properties or drainage systems is 

likely, then a conveyance system must be provided to convey the concentrated runoff 

across the downstream properties to an acceptable discharge point.  Drainage easements 

for this conveyance system must be secured from downstream property owners and 

recorded prior to engineering plan approval.  

D4-02.3 Temporary Discharges to the Sanitary Sewer 

Surface water runoff into the sanitary sewer system is generally prohibited by the Utility Code. 

Unavoidable temporary discharges into the sanitary sewer system must meet with the approval 

of: 

 King County Wastewater Treatment Division, Industrial Waste Program 

 The Engineering Division of the Utilities Department; and 

 The Operations & Maintenance Division, Water Quality Section, of the Utilities 

Department 
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For approved temporary discharges, the  Operations & Maintenance Division, Water Quality 

Section, of the Utilities Department will review for approval the: 

 Location of connection to the sanitary sewer, 

 Method for the connection and pre-connection requirements, i.e. settling tanks, sump 

pump, etc. 

 Time of discharge  

 Duration, rate and volume of the discharge 

 Other applicable discharge conditions 

Temporary discharges to sewer lakelines is prohibited. 

The Developer is responsible for first obtaining permission, and a sewer permit for constructed 

connections from the City prior to requesting a discharge permit from King County Wastewater 

Treatment Division, Industrial Waste Program. 

D4-03  OFF-SITE CAPACITY ANALYSIS 

Pursuant to Section 24.06.070(D) of the Storm and Surface Water Utility Code, an offsite 

capacity analysis is required whenever the location of discharge will be changed by a proposed 

development or redevelopment. If the rate of discharge will be changed, an analysis may be 

required. 

Different levels of analysis of the drainage system are required, depending on both the location 

of the project in the basin and the information determined in the Level 1 analysis (described 

below). When required, a Level 1 analysis must be submitted with the Developer Extension 

Agreement. 

D4-03.1 Levels of Analysis 

Level 1 Analysis 

Physically inspect the existing on- and off-site drainage system and investigate any known 

problems. The analysis must extend from the proposed project discharge location to the point 

downstream where the site runoff would join the existing drainage course. 

On a map (minimum USGS 1:24000 Quadrangle Topographic Map) delineate the upstream 

tributary drainage areas to the site and to the downstream system. 

Describe in narrative form observations regarding the makeup and general condition of the 

drainage system. Include such information as pipe sizes, channel characteristics, and drainage 

structures. 

Specifically, the analysis must identify on the map, and describe in the narrative any evidence of 

existing or anticipated problems. 

Following review of the Level 1 analysis, the City will determine whether the Level 2 analysis is 

required, based on the evidence of existing or anticipated problems. 
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Level 2 Analysis 

At each existing and/or predicted drainage problem location identified in the Level 1 analysis, 

develop hydrographs or Rational Method peak flow rates for the 100-year, 24-hour design storm 

events for the total composite drainage area tributary to that location for existing runoff 

conditions, excluding the proposed project site runoff. 

Determine the capacity of the existing drainage system. Non-survey field data (hand tapes, hand 

level and rods, etc.) and computations using Manning's equation for normal flow are acceptable 

for this analysis. 

At each existing and/or predicted drainage problem location, compute the proposed project's 

developed runoff hydrograph. Evaluate impacts of adding the controlled peak runoff from the 

proposed project site to the peak runoff from the total composite drainage area tributary to these 

locations. 

Additional information may be required to determine that impacts have been adequately 

mitigated and to verify the capacity of the conveyance system. 

D4-03.2  Solutions to Identified Drainage Problems 

For any anticipated off-site problem resulting from the development or redevelopment, the 

Developer must demonstrate that the proposed project has been designed to mitigate the 

anticipated problem. 

As an alternative, the Developer, with approval by the City, may arrange with the owners of the 

off-site properties to install measures which will correct the existing or mitigate the anticipated 

problem. 

In some cases, existing public drainage system problems may already be scheduled for correction 

by the City. In these cases, the Developer should contact the Utilities Department to determine 

current capital improvement project schedules. 

Any proposed drainage easements must be executed by the affected property owners and be 

recorded prior to approval for construction. 

D4-04   CONVEYANCE SYSTEMS 

D4-04.1 General 

Use the criteria set forth in Section 24.06.070(B)(4) of the Storm and Surface Water Utility Code 

and the information provided herein to plan, design and construct stormwater conveyance 

systems. 

Off-site stormwater flows passing through the site shall be conveyed by a hydraulically adequate 

conveyance system as set forth herein.  Off-site flows can only be routed to flow control or 

treatment facilities if allowed by D4-06.2, and if those facilities are properly sized for the 

additional flows. 

Conveyance systems shall not be located where such facilities interfere with other underground 

utilities, nor where allowable design loads would be exceeded. 

See D4-07 for conveyance system setbacks. 
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D4-04.2 Conveyance System Setbacks 

Conveyance Systems Shall Not Be Located: 

A. Where Such Facilities Interfere With Other Underground Utilities;  

B. Where Allowable Design Loads Would Be Exceeded. 

D4-04.3 Clearances / Other Utilities 

A. All clearances listed below are from edge-to-edge of each pipe. 

B. Check for crossing or parallel utilities. Maintain minimum vertical horizontal clearances. 

Avoid crossing at highly acute angles (the smallest angle measure between utilities 

should be between 45 and 90 degrees 

C. Horizontal clearances from storm main: 

Cable TV     5’ 

Gas      5’ 

Power      5’ 

Sewer      5’ 

Telephone, Fiber Optics   5’ 

Water      5’ 

D. Vertical clearances from storm main: 

Cable TV     1’ 

Gas      1’ 

Power      1’ 

Sewer      1’ 

Telephone, Fiber Optics   1’ 

Water      1’ 

E. Where storm  pipes cross over or below a water main, one full length of pipe shall be 

used with the pipes centered for maximum joint separation. 

F. Send a letter and preliminary plan to existing utilities to inform them of new construction. 

Request as-built information and incorporate into plans. At a minimum the following 

utilities should be contacted: cable television, natural gas, power, sanitary sewer, 

telephone, water and telecommunications companies. 

Avoid crossing other utilities at highly acute angles. The angle measure between utilities shall be 

between 45 and 90 degrees. 

For crossings of sanitary sewer pipes, the DOE criteria will apply. 

D4-04.4 Open Channel Design Criteria 

A. General 

The methods and criteria below have been adapted from the 2009 King County Surface Water 

Design Manual. 

Open channels may be classified as either natural or constructed.  Natural channels are generally 

referred to as rivers, streams, creeks, or swales, while constructed channels are most often called 
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ditches, or simply channels.  The Critical Areas, Shorelines, and Clearing and Grading Codes 

should be reviewed for requirements related to streams.   

Natural Channels 

Natural channels are defined as those that have occurred naturally due to the flow of surface 

waters, or those that, although originally constructed by human activity, have taken on the 

appearance of a natural channel including a stable route and biological community.  They may 

vary hydraulically along each channel reach and should be left in their natural condition, 

wherever feasible or required, in order to maintain natural hydrologic functions and wildlife 

habitat benefits from established vegetation. 

Constructed Channels 

Constructed channels are those constructed or maintained by human activity and include bank 

stabilization of natural channels.  Constructed channels shall be either vegetation-lined, rock-

lined, or lined with appropriately bioengineered vegetation. 

Vegetation-lined channels are the most desirable of the constructed channels when properly 

designed and constructed.  The vegetation stabilizes the slopes of the channel, controls erosion of 

the channel surface, and removes pollutants.  The channel storage, low velocities, water quality 

benefits, and greenbelt multiple-use benefits create significant advantages over other constructed 

channels.  The presence of vegetation in channels creates turbulence that results in loss of energy 

and increased flow retardation; therefore, the design engineer must consider sediment deposition 

and scour, as well as flow capacity, when designing the channel. Bioretention swales may also be 

designed to achieve flow control and/or treatment per Section D6-03. 

Rock-lined channels are necessary where a vegetative lining will not provide adequate protection 

from erosive velocities.  They may be constructed with riprap, or slope mattress linings.  The 

rock lining increases the turbulence, resulting in a loss of energy and increased flow retardation.  

Rock lining also permits a higher design velocity and therefore a steeper design slope than in 

grass-lined channels.  Rock linings are also used for erosion control at culvert and storm drain 

outlets, sharp channel bends, channel confluences, and locally steepened channel sections. 

Bioengineered vegetation lining is a desirable alternative to the conventional methods of rock 

armoring.  Soil bioengineering is a highly specialized science that uses living plants and plant 

parts to stabilize eroded or damaged land.  Properly bioengineered systems are capable of 

providing a measure of immediate soil protection and mechanical reinforcement.  As the plants 

grow they produce a vegetative protective cover and a root reinforcing matrix in the soil mantle.  

This root reinforcement serves several purposes: 

The developed anchor roots provide both shear and tensile strength to the soil, thereby providing 

protection from the frictional shear and tensile velocity components to the soil mantle during the 

time when flows are receding and pore pressure is high in the saturated bank. 

The root mat provides a living filter in the soil mantle that allows for the natural release of water 

after the high flows have receded. 

The combined root system exhibits active friction transfer along the length of the living roots.  

This consolidates soil particles in the bank and serves to protect the soil structure from collapsing 

and the stabilization measures from failing. 
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The vegetative cover of bioengineered systems provides immediate protection during high flows 

by laying flat against the bank and covering the soil like a blanket.  It also reduces pore pressure 

in saturated banks through transpiration by acting as a natural "pump" to "pull" the water out of 

the banks after flows have receded. 

The King County publication Guidelines for Bank Stabilization Projects primarily focuses on 

projects on larger rivers and streams, but the concepts it contains may be used in conjunction 

with other natural resource information for stabilization projects on smaller systems.  The 

WDFW Integrated Streambank Protection Guidelines is another useful reference. 

B. Design Criteria 

General 

Open channels shall be designed to provide required conveyance capacity and bank stability 

while allowing for aesthetics, habitat preservation, and enhancement.  Open channels shall be 

consistent with the WDFW Integrated Streambank Protection Guidelines. 

Channel cross-section geometry shall be trapezoidal, triangular, parabolic, or segmental as 

shown in Figure 4.3 through 4.5.  Side slopes shall be no steeper than 3:1 for vegetation-lined 

channels and 2:1 for rock-lined channels.   

Vegetation-lined channels shall have bottom slope gradients of 6% or less and a maximum 

velocity at max design flow of 5 fps (see Table 4.1). 

Rock-lined channels or bank stabilization of natural channels shall be used when design flow 

velocities exceed 5 feet per second.  Rock stabilization shall be in accordance with Table 4.1 or 

stabilized with bioengineering methods as described above in "Constructed Channels‖.  

See D4-07 for open channel setback information. 

Conveyance systems shall be sized to accommodate the peak runoff from a 100-year, 24-hour 

storm.  

Minimum freeboard requirements for open channels shall be one half (0.5) foot below the top of 

bank for the design flow rate.  

The design shall consider the channel roughness both immediately after construction and when 

vegetation is well established.  

Provide maintenance access for inspection and debris removal by conventional equipment. The 

type of equipment needing access is dependent on the size of channel. Large channels will need 

access for dump trucks and loaders. For small ditches, foot or pick-up truck access may suffice. 
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Table 4.2  Channel Protection 

Velocity at Design 
Flow (fps) 

REQUIRED PROTECTION 

Greater 
than 

Less than 
or equal to 

Type of Protection Thickness Minimum Height 
Above Design 
Water Surface 

0 5 Grass lining 
Or 

Bioengineered lining 

N/A  

5 8 Rock lining(1) 
Or 

Bioengineered lining 

1 foot 1 foot 

8 12 Riprap(2) 2 feet 2 feet 

12 20 Engineered Scour 
Protection 

Varies 2 feet 

(1) Rock Lining shall be reasonably well graded as follows: 

Maximum stone size: 12 inches 
Median stone size:  8 inches 
Minimum stone size:  2 inches  

(2) Riprap shall be reasonably well graded as follows: 

Maximum stone size:  24 inches 
Median stone size:  16 inches 
Minimum stone size: 4 inches 

Note: Riprap sizing is governed by side slopes on channel, assumed to be approximately 3:1. 

Riprap Design
1
 

When riprap is set, stones are placed on the channel sides and bottom to protect the underlying 

material from being eroded.  Proper riprap design requires the determination of the median size 

of stone, the thickness of the riprap layer, the gradation of stone sizes, and the selection of 

angular stones that will interlock when placed.  Research by the U.S. Army Corps of Engineers 

has provided criteria for selecting the median stone weight, W50 (Figure 4.1).  If the riprap is to 

be used in a highly turbulent zone (such as at a culvert outfall, downstream of a stilling basin, at 

sharp changes in channel geometry, etc.), the median stone W50 should be increased from 200% 

to 600% depending on the severity of the locally high turbulence.  The thickness of the riprap 

layer should generally be twice the median stone diameter (D50) or at least that of the maximum 

stone.  The riprap should have a reasonably well graded assortment of stone sizes within the 

following gradation: 

 1.25 = Dmax/D50  = 1.50 

                                                 
1
 From a paper prepared by M. Schaefer, Dam Safety Section, Washington State Department of Ecology. 
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 D15/D50   = 0.50 

 Dmin/D50 = 0.25 

Detailed design methodology may be found in the Corps publication EM 1110-02-1601, 

Engineering and Design – Hydraulic Design of Flood Control Channels.  For a more detailed 

analysis and design procedure for riprap requiring water surface profiles and estimates of tractive 

force, refer to the paper by Maynord et al in Journal of Hydraulic Engineering (A.S.C.E.), July 

1989. 

Riprap Filter Design 

Riprap should be underlain by a sand and gravel filter (or filter fabric) to keep the fine materials 

in the underlying channel bed from being washed through the voids in the riprap.  Likewise, the 

filter material must be selected so that it is not washed through the voids in the riprap.  Adequate 

filters can usually be provided by a reasonably well graded sand and gravel material where: 

 D15 < 5d85 

The variable d85 refers to the sieve opening through which 85% of the material being protected 

will pass, and D15 has the same interpretation for the filter material.  A filter material with a D50 

of 0.5 mm will protect any finer material including clay.  Where very large riprap is used, it is 

sometimes necessary to use two filter layers between the material being protected and the riprap. 

Example: 

What embedded riprap design should be used to protect a streambank at a level culvert outfall 

where the outfall velocities in the vicinity of the downstream toe are expected to be about 8 fps? 

From Figure 4.1, W50 = 6.5 lbs, but since the downstream area below the outfall will be 

subjected to severe turbulence, increase W50 by 400% so that: 

 W50 = 26 lbs, D50 = 8.0 inches 

The gradation of the riprap is shown in Figure 4.2, and the minimum thickness would be 1 foot 

(from Table 4-1); however, 16 inches to 24 inches of riprap thickness would provide some 

additional insurance that the riprap will function properly in this highly turbulent area. 

Figure 4.2 shows that the gradation curve for ASTM C33, size number 57 coarse aggregate (used 

in concrete mixes), would meet the filter criteria.  Applying the filter criteria to the coarse 

aggregate demonstrates that any underlying material whose gradation was coarser than that of a 

concrete sand would be protected. 
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Figure 4.1  Mean Channel Velocity Vs. Medium Stone Weight (W50) And Equivalent Stone 

Diameter 

Insert Figur e 4.3.7A from 1990 SWDM
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Figure 4.2  Riprap/Filter Example Gradation Curve 
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The Backwater Calculation Sheet in Figure 4.18 may be used to compile the head losses  

and headwater elevations for each pipe segment.  The numbered columns in Figure 4.18 are 

described in Figure 4.19.  An example calculation is performed in Figure 4.19.   

Note: This method should not be used to compute stage/discharge curves for level pool routing 

purposes.  Instead, a more sophisticated backwater analysis using the computer software 

provided with this manual is recommended as described below.   

Computer Applications 

The King County Backwater (KCBW) computer program includes a subroutine BWPIPE, which 

may be used to quickly compute a family of backwater profiles for a given range of flows 

through a proposed or existing pipe system.  A schematic description of the nomenclature used in 

this program is provided in Figure 4.15.  Program documentation providing instructions on the 

use of this and the other KCBW subroutines is available from King County Department of 

Natural Resources and Parks.   
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Figure 4.16 Nomograph For Sizing Circular Drains Flowing Full 
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Figure 4.17 Circular Channel Ratios 
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Figure 4.18 Backwater Calculation Sheet 
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Figure 4.19 Backwater Calculation Sheet Notes 

Column (1) - Design flow to be conveyed by pipe segment. 

Column (2) - Length of pipe segment. 

Column (3) - Pipe Size; indicate pipe diameter or span x rise. 

Column (4) - Manning's "n" value. 

Column (5) - Outlet Elevation of pipe segment. 

Column (6) - Inlet Elevation of pipe segment. 

Column (7) - Barrel Area; this is the full cross-sectional area of the pipe. 

Column (8) - Barrel Velocity; this is the full velocity in the pipe as determined by:  

    V  =  Q/A   or   Col.(8)  =  Col.(1) / Col.(7) 

Column (9) - Barrel Velocity Head  =  V
2

/2g   or   (Col.(8))
2

/2g 

    where  g = 32.2 ft/sec
2

  (acceleration due to gravity) 

Column (10) - Tailwater (TW) Elevation; this is the water surface elevation at the outlet of the pipe segment.  If the pipe's outlet is not 
submerged by the TW and the TW depth is less than (D+dc)/2, set TW equal to (D+dc)/2 to keep the analysis simple and still obtain reasonable 
results (D = pipe barrel height and dc = critical depth, both in feet.  See Figure 4. 14 for determination of dc). 

Column (11) - Friction Loss  =  Sf x L   [or   Sf x Col.(2)] 

    where  Sf is the friction slope or head loss per linear foot of pipe as determined by Manning's equation expressed in 
the form: Sf  =  (nV)2/2.22 R1.33 

Column (12) - Hydraulic Grade Line (HGL) Elevation just inside the entrance of the pipe barrel; this is determined by adding the friction 
loss to the TW elevation:  Col.(12)  = Col.(11) + Col.(10) 

If this elevation falls below the pipe's inlet crown, it no longer represents the true HGL when computed in this manner.  The true HGL will fall 
somewhere between the pipe's crown and either normal flow depth or critical flow depth, whichever is greater.  To keep the analysis simple and 
still obtain reasonable results (i.e., erring on the conservative side), set the HGL elevation equal to the crown elevation. 

Column (13) - Entrance Head Loss  =  Ke x V2/2g   [or   Ke x Col.(9)] 
where  Ke  =  Entrance Loss Coefficient (from Table 4.7).  This is the head lost due to flow contractions at the pipe entrance. 

Column (14) - Exit Head Loss  =  1.0 x V2/2g   or   1.0 x Col.(9) 

    This is the velocity head lost or transferred downstream.  

Column (15) - Outlet Control Elevation  =  Col.(12) + Col.(13) + Col.(14) 

    This is the maximum headwater elevation assuming the pipe's barrel and inlet/outlet characteristics are controlling 
capacity.  It does not include structure losses or approach velocity considerations. 

Column (16) - Inlet Control Elevation (see SectionD4-04.7(J), for computation of inlet control on culverts); this is the maximum 
headwater elevation assuming the pipe's inlet is controlling capacity.  It does not include structure losses or approach velocity considerations. 

Column (17) - Approach Velocity Head; this is the amount of head/energy being supplied by the discharge from an upstream pipe or 
channel section, which serves to reduce the headwater elevation.  If the discharge is from a pipe, the approach velocity head is equal to the barrel 
velocity head computed for the upstream pipe.  If the upstream pipe outlet is significantly higher in elevation (as in a drop manhole) or lower in 
elevation such that its discharge energy would be dissipated, an approach velocity head of zero should be assumed. 

Column (18) - Bend Head Loss  =  Kb x V2/2g   [or   Kb x Col.(17)] 
where  Kb  =  Bend Loss Coefficient (from Figure 4.20).  This is the loss of head/energy required to change direction of flow in an access 
structure. 

Column (19) - Junction Head Loss.  This is the loss in head/energy that results from the turbulence created when two or more streams are 
merged into one within the access structure.  Figure 4.21  may be used to determine this loss, or it may be computed using the following 
equations derived from Figure 4.21: 

    Junction Head Loss  =  Kj x V2/2g   [or   Kj x Col.(17)] 

    where  Kj is the Junction Loss Coefficient determined by: 

     Kj  =  (Q3/Q1)/(1.18 + 0.63(Q3/Q1))  

Column (20) - Headwater (HW) Elevation; this is determined by combining the energy heads in Columns 17, 18, and 19 with the highest 
control elevation in either Column 15 or 16, as follows: 

    Col.(20)  =  Col.(15 or 16) - Col.(17) + Col.(18) + Col.(19)  
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Figure 4.19  Backwater Calculation Example 
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Figure 4.20  Bend Head Losses In Structures 
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Figure 4.21  Junction Head Loss In Structures 
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Pipe System Analysis and Sizing with the Rational Method 

Figure 4.22 has been provided to allow for the tabular computation of "C-A" values used in 

sizing a new pipe system. Following computation of the time of concentration to the first 

structure, where flow enters the proposed pipe system, the travel times through the pipe lengths 

are added to become the Tc for the design flow at the next downstream pipe run. The flows 

computed at structures (manholes and catch basins) may be used to estimate the water surface 

profile along the pipe system.  See Section D3-02.3 for additional information on rational 

method computational methods. 
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Figure 4. 22  Rational Method for Conveyance System Analysis and Sizing 
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E. Minimum Diameter, Slope and Velocity 

Minimum slope for conveyance pipes shall be 0.5%. unless specified otherwise herein. 

Minimum diameter for a conveyance pipes in a roadway shall be 12-inches except for roadway 

laterals and pipes connecting private drainage systems or wall drains to the drainage system. 

For roadway laterals, the minimum diameter is 8-inches provided: 

 Length of pipe does not exceed 100 feet; 

 Pipe slope is greater than or equal to 2%;and 

 Only one stormwater inlet contributes surface runoff to the roadway lateral. 

For individual single family residences, conveyance pipes for roof, footing, and yard drains shall 

be a minimum of 4-inches in diameter. Connections to the storm drain system shall be a 

minimum of 6-inches once outside the lot being connected. For joint-use lines between single 

family homes, that portion of the line which is jointly used shall be 6-inches in diameter 

minimum. Minimum slopes for single family storm drain lines (footing and conveyance): 2% on 

4-inch and 6-inch diameter, and 0.5% on 8-inch diameter (if used). The minimum velocity in all 

storm drain conveyance systems for the conveyance design storm (100-year, 24-hour) is 3 feet 

per second. 

For driveways, parking lots and situations not listed above, the minimum diameter for 

conveyance pipes shall be 8-inches. 

Any storm line with a 20% slope or greater shall provide pipe anchors and hill holders according 

to the applicable storm drainage standard details. 

F. Maintenance Access 

All stormwater facilities shall be accessible for maintenance and operation. 

When vehicle access is necessary, access roads shall be provided in dedicated tracts or dedicated 

access easements. The minimum clear driving lane width is 12 feet. 

Gates and/or bollards are required when necessary to restrict access to stormwater facilities. Such 

measures shall comply with the Land Use Code and these engineering standards. Cables and/or 

chains stretched across access roads are not acceptable. 

D4-04.10 Private Drainage Systems  

When a new plat is developed and contains a portion of public right-of-way, the flow control 

facility located in the public right-of-way, tract or easement is owned and maintained by the City 

of Bellevue.  The flow control or other storm water facility will only be public if the area drained 

from the public right-of-way is new right-of-way created as part of the plat. 

D4-04.11 Private Single Family Drainage Systems 

A. General 

Private drainage systems shall comply with all criteria for stormwater systems set forth herein 

unless specifically exempted. 

When MR5 (On-site Stormwater Management) applies, first evaluate and implement all feasible 

on-site stormwater management practices as described in Chapter D6.  For any remaining 




